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Description 

Headset Detector in a Device Generating 

Audio Signals 

Background of Invention 

[0001] Field of the Invention 

[0002] The present invention relates to devices sucli as smart 
phones which generate audio signals, and more specifi- 
cally to a headset detector in such a device. 

[0003] Related Art 

[0004] Devices such as radios, mobile phones, MP3-players, tape 
recorders often generate audio signals (e.g., music or 
voice). In a typical scenario, an analog signal (or digital 
data) representing the audio signal is received either from 
a local medium (e.g., audio tape, laser disk) or from an 
external source (e.g., network, air), and audio signals is 
generated for the users. 

[0005] Headsets are often used associated with such devices. A 
headset generally refers to an apparatus which has one or 



more earphones that can be placed in the proximity of the 
ears of a user, and the audio signals generated by the de- 
vice can be heard by the user by inserting a pre-specified 
end into the device. The audible signals are received 
through the headset and heard by the user having an ear- 
phone close to the ear. 
[0006] A device may contain a headset detector to provide vari- 
ous features. For example, a prior embodiment may con- 
tain a mechanical switch which moves into a specific posi- 
tion when a headset is inserted into the device, and a 
headset detector detects the presence of the headset 
based on the position of the mechanical switch. The de- 
vice may operate differently (e.g., play audio signals only 
through the headset if the headset is present) depending 
on whether the headset is detected to be present or ab- 
sent. 

[0007] One problem with such a mechanical switch based solu- 
tion is that mechanical implementations are generally 
susceptible to failure and the complexity of integrating 
the corresponding solutions into electrical/electronic de- 
vices is high. In addition, the mechanical implementations 
are generally space consuming. At least for some of such 
reasons, it is generally desirable to provide an improved 



approach by which the presence (upon insertion) of a 
headset can be detected. 

[0008] In addition, it may be desirable for the headset detector to 
detect the type of headset inserted into the device. As is 
well known, headsets are of multiple types, each generally 
suited for specific devices and environments. For exam- 
ple, a stereo headset contains two speakers and no mi- 
crophone, can be used to play music, and is suited for use 
associated withand MPS player type of devices, the other 
hand, a cellular headset used associated with mobile 
phones contains a speaker and a microphone, and enables 
a user to place/answer a call. As another example, a 
stereo+cellular headset contains two speakers and a mi- 
crophone, and can be used as a combination of stereo and 
cellular headsets. 

[0009] Once the headset type is detected, a device may interface 
as suited for the specific headset. Such a feature may be 
particularly useful in devices such as smart phones which 
may operate as cell phone, MPS player, radio, etc., and a 
single/common jack may be provided to insert any of the 
headset types. Based on the type of headset detected to 
be present in the jack, a device can operate to perform 
only the specific features supported by the headset. Ad- 



vantages such as using all the available resources (e.g., 

electrical power, processing power) only for the relevant 

features may be attained as a result. 
Brief Description of Drawings 

[0010] The present invention will be described with reference to 
the following accompanying drawings. 

[0011] Figure (Fig.)l is a block diagram illustrating an example 
device in which the present invention may be imple- 
mented. 

[0012] Figure 2A is a diagram illustrating the details of a jack 

suitable for a stereo headset in one embodiment. 
[0013] Figure 2B is a diagram illustrating the details of a jack 

suitable for a cellular headset in one embodiment. 
[0014] Figure 2C is a diagram illustrating the details of a jack 

suitable for a stereo+cellular headset in one embodiment. 
[0015] Figure 3A is a connection diagram illustrating the details 

of connections for stereo headset to a common jack in 

one embodiment. 
[0016] Figure 3B is a connection diagram illustrating the details 

of connections for cellular headset to a common jack in 

one embodiment. 
[0017] Figure 3C is a connection diagram illustrating the details 

of connections for stereo+cellular headset to a common 



jack in one embodiment. 

[0018] Figure 4 is a circuit diagram illustrating the details of a 
cap-less interface to a headset. 

[0019] Figure 5 is a circuit diagram illustrating the details of a 
cap interface to a headset. 

[0020] Figure 6 is a timing diagram illustrating the details of sig- 
nals in cap-less interface and cap interface. 

[0021] Figure 7 is a circuit diagram illustrating the details of a 
detector circuit with a cap-less interface in an embodi- 
ment of the present invention. 

[0022] Figure 8 is a timing diagram illustrating the details of a 
detect pulse in an embodiment of the present invention. 

[0023] Figure 9 is a flowchart illustrating the manner in which 

headset insertion may be detected according to an aspect 
of the present invention. 

[0024] Figure 10 is a flowchart illustrating the manner in which 

type of headset may be detected according to an aspect of 
the present invention. 

[0025] Figure 11 is a flowchart illustrating the manner in which 
button press and headset removal may be detected in 
headsets with a microphone according to an aspect of the 
present invention. 

[0026] Figure 12 is a flowchart illustrating the manner in which 



headset removal may be detected in stereo headset ac- 
cording to an aspect of the present invention. 
[0027] Figure 13 is a circuit diagram illustrating the details of a 
detector circuit with cap- interface in an embodiment of 

the present invention. 
Detailed Description 

[0028] i. Overview 

[0029] A headset detector provided according to an aspect of the 
present invention determines whether a headset is present 
in a Jack by measuring the impedance between at least a 
pair of the connection points of the jack.signal may be 
generated with a first logical value if the headset is deter- 
mined to be present, and with the other logical value oth- 
erwise. Due to such a feature, the presence of a headset in 
the jack can be detected without potentially using me- 
chanical movement (as noted above in the related art sec- 
tion) of switches, etc. 

[0030] According to another aspect of the present invention, a 

type of headset inserted into a jack may be determined by 
measuring the impedance between various connection 
points of the jack. In one embodiment, a headset detector 
determines whether an inserted headset is a stereo head- 



set, cellular headset or stereo+cellular headset. 

[0031] Various aspects of the present invention are described be- 
low with reference to an example problem. Several as- 
pects of the invention are described below with reference 
to examples for illustration. It should be understood that 
numerous specific details, relationships, and methods are 
set forth to provide a full understanding of the invention. 
One skilled in the relevant art, however, will readily recog- 
nize that the invention can be practiced without one or 
more of the specific details, or with other methods, etc. In 
other instances, welLknown structures or operations are 
not shown in detail to avoid obscuring the invention. 

[0032] 2. Example Environment 

[0033] Figure 1 is a block diagram illustrating an example envi- 
ronment in which various aspects of the present invention 
may be implemented. The environment is shown contain- 
ing device 110 and headset 190. Device 110 is further 
shown containing central processing unit (CPU) 120, de- 
tector circuit 130, control register 140, headset interface 
circuit 150 and jack 160. Only the relevant components to 
describe the present invention in device 110 are shown, 
however, device 110 may contain many other compo- 
nents. Each component is described below. 



[0034] Headset 190 can be any one of various types of headsets 
(an end of) which can be inserted in jacl< 160. In one em- 
bodiment, the headset types include stereo headset, cel- 
lular headset and stereo+cellular headset. The description 
is provided with only three types of headsets for illustra- 
tion, however, headset 190 may include other types of 
headsets without departing from the scope and spirit of 
various aspects of the present invention. 

[0035] Jack 160 is designed to receive various types of headset. 
In one embodiment, jack 160 supports any type of head- 
set with 3-wires or 4-wires (as described below in further 
detail with respect to Figure 2). By using a common Jack 
for different headset types, the space and component re- 
quirements in device 110 may be reduced. 

[0036] Headset interface circuit 150 provides an interface be- 
tween headset 190 and detector circuit 130. Typically, two 
types of headset interface circuits are used - cap interface 
and cap-less interface, which are further described in de- 
tail in sections below. Due to various features of the 
present invention, headset interface circuit 150 may be 
implemented without requiring mechanical components 
(i.e., position of switch moving physically) noted in the 
background section above. 



[0037] Control register 140 contains bits (memory) to store data 
representing various status information determined by 
detector circuit 130. For example, control register 140 
stores the bits representing headset detection, headset 
removal, type of headset, button press detection (in the 
case of cellular and stereo+cellular headset, as described 
in sections below), etc. 

[0038] CPU 120 controls various operations of the components in 
detector circuit 130 based on the status indicated in con- 
trol register 140 and interrupts received from detector 
circuit 130 on path 123. For example, CPU 120 sends 
control signal on path 123 to power down the compo- 
nents in detector circuit 130 until insertion of headset is 
detected if headset detection bit in control register 140 
indicates headset is not inserted in a Jack. 

[0039] Detector circuit 130 may detect the type of headset in- 
serted, insertion/removal of headset, button press, etc., 
according to various aspects of the present invention. De- 
tector circuit 130 updates the corresponding bits in con- 
trol register 140. In addition, detector circuit 130 sends 
interrupt signals to CPU 120 on path 123 upon detection 
of various events (insertion of headset, etc.). 

[0040] The operation of detector circuit 130 depends on the spe- 



cific structure of jack 160. As noted above, jack 160 is 
used as a common jack for all three types of headset. 
Thus, it is helpful to understand the structure of various 
types of jacks in general. 

[0041] 3, Jacks 

[0042] Figures 2A, 2B and 2C are diagrams together illustrating 
the details of various jacks suitable for different types of 
headsets. In particular. Figure 2A is shown containing jack 
210, Figure 2B is shown containing jack 220 and Figure 
2C is shown containing Jack 240. Jacks 210, 220 and 240 
are respectively suitable for stereo headset, cellular head- 
set and stereo+cellular headset. In Figures 2A, 2B and 2C, 
the notation g, m, and s respectively represent connection 
points to ground, microphone and speaker(s) in headsets. 

[0043] Jack 210 is shown containing connection points repre- 
sented as g, s and s. Two speakers in stereo headset can 
be connected to s and s connection points, and ground 
can be connected to g point. Jack 220 is shown containing 
connection points g, m and s. Microphone and speaker in 
cellular headset are connected to m and s points respec- 
tively. Similarly, jack 240 is shown containing connection 
points g, m, s and s. Two speakers and microphone in 
stereo+cellular headset are connected to s, s and m re- 



spectively. 

[0044] Jack 240 can be used as a common jack to connect all 

kinds of headsets since jack 240 contains four connection 
points, which would provide connections to a 
3-wire/4-wire headsets. A jack of type jack 240 may be 
used for jack 160 of Figure 1. However, jacks 210 or 220 
may be used for jack 160 for some aspects of the present 
invention. The connection diagram for different headsets 
to the common jack (240) is described below with refer- 
ence to Figure 3. 

[0045] 4_ Connection of Various Headsets to a Common Jack 

[0046] Figures 3A, 3B and 3C are connection diagrams together 
illustrating the details of connections for various headsets 
to a common jack in one embodiment. In particular. Fig- 
ure 3A illustrates the connections of stereo headset 310 
to common jack 240, Figure 3B illustrates the connections 
of cellular headset 320 to common jack 240 and Figure 
3C illustrates the connections of stereo+cellular headset 
340 to common jack 240. Each of stereo headset 310, 
cellular headset 320 and stereo+cellular headset 340 may 
be used in the position of headset 190 of Figure 1. 

[0047] vvith reference to Figure 3A, stereo headset 310 is shown 
containing speakers 311 and 312. Each speaker 311 and 



312 in turn contains two terminals s and g. Tlie s terminal 
from each speaker 311 and 312 is connected to each of s 
(connection) points on jack 240 and g terminal from both 
speakers 311 and 312 is connected to g point on jack 
240. In addition, the g point and m point on jack 240 are 
connected since stereo headset 310 does not contain mi- 
crophone. 

[0048] vvith reference to Figure 3B, cellular headset 320 is shown 
containing speaker 321, microphone 322, resistor 323 
and button 324. Resistor 323 and button 324 are con- 
nected in sequence and together are connected in parallel 
to microphone 322. Resistor 323 has a small resistance 
value, for example, 100 ohms. Button 324 is used to start 
or stop a call (depending on the prior state). 

[0049] Speaker 321 in turn contains two connecting terminals s 
and g, and microphone 322 contains connecting terminals 
m and g. The s terminal of speaker 321 is connected to 
one s point on jack 240, m terminal of microphone 322 is 
connected to m point on jack 240 and g terminal from 
both speaker 321 and microphone 322 is connected to g 
point on jack 240. The another s point on jack 240 re- 
mains floating (no connection) since cellular headset 320 
contains only one speaker. 



[0050] vvith reference to Figure 3C, stereo+cellular headset 340 
is sliown containing spealcers 341 and 342, microplione 
343, resistor 344 and button 345. Resistor 344 and but- 
ton 345 operate similar to resistor 323 and button 324 of 
cellular headset 320 respectively. Each speaker 341 and 

342 in turn contains two connecting terminals s and g and 
microphone 343 contains connecting terminals m and g. 
The s terminal of each speaker 341 and 342 is connected 
to each of s point on jack 240, m terminal of microphone 

343 is connected to m point on jack 240 and g terminal 
from speakers 341 and 342, and microphone 343 is con- 
nected to g point on jack 240. 

[0051] Headsets are connected to detector circuit 130 through 

headset interface circuit 150. The description is continued 
with reference to example headset interface circuits. 

[0052] 5_ Headset Interface 

[0053] Figures 4, 5 and 6 together illustrate the details of head- 
set interface circuit 150 in one embodiment. Merely for il- 
lustration, headset interface with stereo headset 310 is 
described, however, similar approaches can be used with 
other types of headsets. Two types of headset interfaces 
are typically used -cap-less interface and cap interface, 
which are further described below with reference to Fig- 



ures 4 and 5 respectively. 

[0054] Figure 4 is a circuit diagram illustrating the details of cap- 
less interface 400 with headset 310 in one embodiment. 
In comparison to capacitor-based interface of Figure 5 
(described below), cap-less interface 400 does not contain 
capacitors (cap). Stereo headset 310 receives a signal rep- 
resenting the audio (e.g., Music) to be played by speakers 
311 and 312 on paths 411 and 412. 

[0055] In general, the signal on paths 411 and 412 changes both 
in positive and negative directions with reference to a 
common voltage (Vmid) such that the average value is 
zero. The g terminal of speakers 311 and 312 is con- 
nected to a voltage equal to Vmid. The difference of volt- 
age levels on g (Vmid) and s terminals (signals on paths 
411 and 412) would cause the signal across speakers 311 
and 312 to change with respect to zero voltage level and 
any D.C. (Vmid) voltage does not appear across speakers. 
The D.C. voltage otherwise applied to speakers would de- 
crease the life time of speakers. 

[0056] Figure 5 is a circuit diagram illustrating the details of a 
cap interface connected to headset 310 in one embodi- 
ment. Cap interface 500 is shown containing capacitors 
510 and 520. Capacitors 510 and 520 receive the audio 



signal on paths 511 and 512 respectively. The signals on 
paths 511 and 512 are similar to signal on paths 411 and 
412 of Figure 4 respectively. Each capacitor 510 and 520 
block the D.C. (direct current) voltage (Vmid) and provides 
only the changes in the signal with respect to zero voltage 
on paths 513 and 523. 

[0057] Stereo headset 310 receives a signal representing the au- 
dio (e.g., Music) to be played by speakers 311 and 312 on 
respective paths 513 and 523. The g terminal of speakers 
311 and 312 is connected to ground. As a result, the sig- 
nal on paths 513 and 523 does not contain D.C. compo- 
nents. The D.C. components otherwise applied to speak- 
ers would decrease life time of speakers. The manner in 
which various signals would change is described below. 

[0058] Figure 6 is a timing diagram illustrating the details of var- 
ious signals in cap-less interface 400 and cap interface 
500. Line 610 represents the audio signals received on 
each of paths 411 and 412 of Figure 4 and 511 and 512 
of Figure 5. It may be appreciated that lines 610 and 630 
are shown as sinusoidal signals merely for illustration. In 
reality, the shape is determined by the audio signals. 

[0059] Line 630 represents the signal that would appear across 
each of speakers 311 and 312 of Figure 4 and on paths 



513 and 523 of Figure 5. Line 610 clianges witli respect to 
a common voltage level of Vmid such that the average 
value is zero. With respect to Figure 5, line 630 changes 
with respect to zero voltage level due to dc blocking in 
cap interface 500. With respect to Figure 4, line 630 
changes with respect to zero voltage due to the Vmid 
voltage applied to g terminal of speakers 311 and 312. 

[0060] Detector circuit 130 performs various operations in accor- 
dance with various aspects of the present invention, in 
addition to providing the audio signals to speakers 311 
and 312. The manner in which detector circuit 130 may be 
implemented with cap-less interface is described first with 
reference to Figure?, and with cap interface is described 
later with reference to Figure 13. 

[0061] g_ Detector circuit with cap-less Interface 

[0062] Figure 7 is a circuit diagram illustrating the details of de- 
tector circuit 130 with cap-less interface 400 in an em- 
bodiment of the present invention. Merely for illustration, 
all of headsets 310, 320 and 340 are shown connected to 
detector circuit 130, however, only one of headsets 310, 
320 and 340 is connected at any instant of time. 

[0063] Detector circuit 130 is shown containing resistors 710-1 
through 710-4 and 786, comparators 720, 725 and 730, 



AND gates 740 and 745, speaker drivers 760 and 765, 
micbias driver 770, ground voltage driver 775, mic ampli- 
fier 780, capacitor 785, and switches 790-1 through 
790-4. Each component is described below in further de- 
tail. 

[0064] Resistors 710-1 through 710-4 form a voltage divider 
network. The voltage divider network divides the voltage 
(Vbias) received at node 779 into two reference voltage 
levels equaling 7*Vbias/8 (wherein '*' represents multipli- 
cation factor) and Vbias/8, and provides the two reference 
voltage levels on respective paths 712 and 713. As will be 
clear from the description below, Vbias is provided by one 
of micbias driver 770, Vdd (via switch 790-1) and detect 
pulse on path 792 (via switch 790-2). 

[0065] Speaker driver 760 drives the specific one of present 

speakers 311, 321 and 341, with the signal representing 
audio/music to be played. Speaker driver 765 drives spe- 
cific one of speakers 312 and 342 in case the inserted 
headset is of stereo or stereo+cellular type, with the sig- 
nal representing audio/music to be played. 

[0066] Ground voltage driver 775 provides the required ground 
voltage (for example, Vmid as described above with refer- 
ence to Figure 4) to the inserted headset. The ground 



voltage may be generated using power supply (not shown) 
and may be implemented in a known way. Micbias driver 
770 provides the required bias voltage to microphones 
322 and 343, in case the inserted headset is of headsets 
320 (cellular) and 340 (stereo+cellular) type respectively. 
The signal representing the audio received from micro- 
phones 322 and 343 is provided at node 728. 

[0067] Resistor 786 and capacitor 785 together process the au- 
dio signal received from the specific one of microphones 
322 and 343. In particular, resistor 786 provides the re- 
quired bias to microphones 322 and 343 and capacitor 
785 filters any DC (direct current) component in the re- 
ceived audio signal at node 728. Mic power amplifier 780 
amplifies the d.c filtered audio signal and provides the 
amplified signal to analog to digital converter (not shown) 
for further processing. 

[0068] The remaining components of Figure 7 are described with 
reference to each detection feature provided by detector 
circuit 130. Broadly, the features include detecting each of 
presence of headset, type of headset inserted, and button 
press in headset. 

[0069] J Presence of Headset 

[0070] The principle underlying the detection of whether a head- 



set is present in a jacl<, can be understood by appreciating 
that the impedance between a pair of connection points in 
a jack is different with the presence and absence of a 
headset in the jacl<. For example, the absence of headset 
causes high impedance since the connection points are 
not connected and the presence of headset reduces the 
impedance since headset provides connection between 
connection points. 

[0071] Thus, the presence of headset in a jacl< may be deter- 
mined by measuring the impedance between at least a 
pair of the connection points of the jack.example, the 
impedance is measured between g and m connection 
points of a Jack. A signal may be generated with a first 
logical value if the headset is determined to be present, 
and with the other logical value otherwise. Due to such a 
feature, the presence of a headset in the jack can be de- 
tected without potentially using mechanical movement of 
switches as described below in further detail. 

[0072] Continuing with reference to Figure 7, micbias driver 770 
generates the bias voltage (micbias) to operate micro- 
phone in headset. The bias voltage may be generated us- 
ing power supply (not shown) and may be implemented in 
a known way. Switch 790-1 is opened if micbias driver 



770 is turned on, else switch 790-1 is closed such that 
either Vdd or micbias is provided as Vbias at node 779. 
Switch 790-3 is closed, which connects node 797 to Vss 
(ground). 

[0073] Comparator 720 generates on path 722 a signal having 
one logical value if a headset is present in Jack 240 and 
another logical value otherwise. Comparator 720 com- 
pares the voltage on node 728 with the voltage 
(7*Vbias/8) received on path 712 and provides the com- 
parison result as headset_detect on path 722. The result 
on path 722 indicates whether headset is present in jack 
(240) or not, as described below in further detail. 

[0074] If headset is not present in jack 240, the voltage on node 
728 equals Vbias since nodes 728 and 797 are not con- 
nected. In such a situation, headset_detect on path 722 is 
0 (corresponding one comparison result) since (7*Vbias/8) 
on path 712 is less than Vbias on node 728. If headset is 
present in jack 240, the voltage on node 728 would be 
below (7*Vbias/8) due to the impedance (represented by 
Rmic) provided by the headset between nodes 728 and 
797. The voltage on node 728 may be given by equation 
(1) below. 

[0075] Voltage on node 728 = Vbias (Rmic/(Rmic + R786) Equa- 



tion (l)wherein R786 represents the resistance of resistor 
786 connected between nodes 779 and 728. 
[0076] In an embodiment, Rmic equals SKiloohms and R786 is 
cliosen as 2.2Kiloolims. As a result the voltage on node 
728 would approximately equal half of Vbias. Due to such 
low voltage on node 728, a value of 1 is provided on 
headset.detect 722, indicating that headset is present in 
jack 240. Therefore, a 1 on headset_detect 722 indicates 
the presence of headset and a 0 indicates the absence of 
headset. 

[0077] Even though the removal/absence of headset may be de- 
tected as described above, an aspect of the present inven- 
tion reduces power consumption to detect removal of a 
headset after the headset is determined to be present, as 
described below in further detail. 

[0078] g_ Detecting Removal of Headset while Reducing Power Consump- 
tion 

[0079] As described above, headset removal may be detected by 
applying voltage Vbias at node 779 continuously while 
performing detection, which may consume substantial 
power. However, according to an aspect of the present in- 
vention, voltage Vbias at node 779 may be provided for a 
short duration by using a detect pulse (detect pulse is de- 



scribed in sections below witli reference to Figure 8). As a 
result, current flows through various components in de- 
tector circuit 130 for a short duration and thus power 
consumption may be reduced as described below in fur- 
ther detail. 

[0080] Continuing with reference to Figure 7, ground bias driver 
775 provides ground bias voltage to an inserted headset, 
and may be implemented in a known way. If ground bias 
driver 775 is turned on, micbias driver 770 is also turned 
on (by appropriate action of CPU 120) to provide the re- 
quired bias voltage to detect headset removal. In an em- 
bodiment, ground bias driver 775 provides a ground bias 
voltage of 1.5V, micbias driver 770 provides a micbias 
voltage of 3.3V and Vdd equals 1.8V. 

[0081] When ground bias driver 775 is turned on and micbias 

driver 770 is not turned on, the voltage applied to detec- 
tor circuit 130 would equal 0.3V(1.8V-1.5V), which is 
small. If micbias driver 770 is turned on, the voltage 
would equal 1.7V(3.3-1.5), which may be enough to drive 
various components in detector circuit 130. If both 
ground bias driver 775 and micbias driver 770 are turned 
off, switches 790-2 and 790-3 are closed such that the 
required bias voltage is provided by detect pulse con- 



nected on path 792. Local oscillator (not shown) may gen- 
erate the detect pulse on path 792. 

[0082] As described above, if headset is inserted, the voltage at 
node 728 is low, which causes a 1 on path 722 indicating 
headset is inserted. If headset is removed, nodes 728 and 
797 are not connected, which causes the voltage at node 
728 to rise (approximately to Vbias). As a result, com- 
parator 720 provides 0 on path 722, which indicates 
headset is removed. 

[0083] As may be appreciated from the description above, the re- 
moval of headset is checked according to the frequency of 
pulses on path 792, and by keeping the frequency (and/or 
pulse duration) low, the power consumption can be mini- 
mized. 

[0084] Once the presence of headset is detected, it may be re- 
quired to detect the type of headset to perform the corre- 
sponding operations (e.g., playing music). The manner in 
which the type of headset may be detected is described 
below. 

[0085] 9_ Type of Headset Detection While Reducing Power Consumption 

[0086] The principle underlying the detection of type of headset 
can be understood by appreciating that the impedance 
between various connection points in a jack varies for var- 



ious types of headsets. For example, the impedance be- 
tween g and m connection points of ajacl< is small for 
stereo headset since g and m terminals of stereo headset 
is shorted and high for both cellular and stereo+cellular 
headsets due to the presence of microphone between g 
and m terminals as shown in Figures 3A, 3B and 3C. Thus, 
stereo headset may be detected by measuring impedance 
between g and m connection points. 

[0087] Cellular headset is differentiated from stereo+cellular 
headset by measuring impedance between s and g con- 
nection points. Cellular headset offers high impedance 
between s and g connection points since s connection 
point is floating (not connected). Stereo+cellular headset 
offers low impedance due to the presence of a speaker 
between s and g terminals. Thus, cellular headset may be 
differentiated from stereo+cellular headset due to the 
variation in impedance between s and g connection 
points, as described below in further detail. 

[0088] Continuing with reference to Figure 7, comparator 725 

generates signals indicating whether the headset is stereo 
headset or not, and comparator 730 generates signals in- 
dicating whether the headset is cellular headset or not. If 
the headset is neither stereo headset 310 nor cellular 



headset 320, that indicates the headset is stereo+cellular 
headset 340. The manner in which the headset may be 
detected as stereo headset 310 or not is described first 
below. 

[0089] Comparator 725 compares the voltage on node 728 with 
the voltage Vbias/8 received on path 713 and provides 
the comparison result on path 724. AND gate 745 pro- 
vides the inversion of the result 724 on path 755 as 
stereo_hs when headset_detect is 1. The result on path 
755 indicates whether headset is stereo headset or not as 
described below. 

[0090] While detecting headset type, switches 790-1 and 790-3 
are closed (by CPU 120)in case headset_detect path 722 
indicates that a headset is inserted in jack 240, thereby 
forming a path from Vdd to Vss through m and g termi- 
nals of the inserted headset. If the inserted headset is of 
stereo headset (310) type, g and m terminals are shorted, 
which causes the voltage at node 728 to equal Vss. In 
such a situation, comparator 725 provides 0 on path 724 
since the voltage on node 728 is less than Vbias/8 re- 
ceived on path 713. A 0 on path 724 causes a 1 on path 
755, which indicates that the inserted headset is of stereo 
headset (310) type. 



[0091] If the inserted headset is not of stereo headset type, con- 
nection points g and m of jacl< 240 are connected to mi- 
crophone 322 in case tlie inserted headset is of cellular 
lieadset type, and to microphone 343 in case the inserted 
lieadset is of stereo+cellular headset type. Eacli micro- 
phone 322 and 343 may provide a relatively high resis- 
tance (in one embodiment equaling approximately 
3.0kiloohms) compared to in the case of stereo headset 
type, which causes the voltage on node 728 to approxi- 
mately equal Vbias/2. 

[0092] In such a situation, comparator 725 provides 1 on path 
724 since the voltage on node 728 could be higher than 
Vbias/8 received on path 713. A 1 on path 724 causes a 0 
on path 755, which indicates that the inserted headset is 
not of stereo headset (310) type. The manner in which 
whether an inserted headset is of cellular headset (320) 
type or not is described below. 

[0093] Comparator 730 compares the voltage on node 796 with 
the voltage Vbias/8 received on path 713 and provides 
the comparison result on path 734. AND gate 740 pro- 
vides the result 734 on path 744 as celLhs when head- 
set_detect path 722 is 1. The result on path 744 indicates 
whether the inserted headset is of cellular headset type or 



not as described below. 
[0094] Switches 790-3 and 790-4 are closed (by CPU 120) in 

case headset_detect path 722 indicates that a headset is 
inserted in jack 240 and stereo_hs path 755 indicates that 
the inserted headset is not of stereo headset type. In case 
the inserted headset is of cellular headset (320) type, 
node 796 is not connected to cellular headset 320, which 
causes Vdd to appear at node 796 due to the connection 
of node 796 to Vdd through switch 790-4. In such a situ- 
ation, comparator 730 provides 1 on path 734 since the 
voltage on node 796 is higher than Vbias/8 received on 
path 713. A 1 on path 734 causes a 1 on path 744, which 
indicates the inserted headset is of cellular headset (320) 
type. 

[0095] If the inserted headset is not of cellular headset type and 
if headset_detect 722 indicates that a headset is present, 
the speaker (of stereo headset 310 and stereo+cellular 
headset 340, as the case may be) is connected between 
connection points s and g of jack 240. The connection 
points s and g are in turn connected to respective nodes 
796 and 797. In an embodiment, speaker offers a low re- 
sistance in the range of 16ohms to 64ohms, which pulls 
the voltage on node 796 to voltage equaling Vss. In such a 



situation, comparator 730 provides 0 on patli 734 since 
the voltage on node 796 is less than Vbias/8 received on 
path 713. A 0 on path 734 causes a 0 on path 744, which 
indicates the inserted headset is not of cellular headset 
(320) type. 

[0096] If both stereo.hs 755 (i.e., inserted headset is not of 

stereo headset type) and celLhs (not of cellular headset 
type) 744 are 0, then the inserted headset is detected as 
being of stereo+cellular headset (340) type. The results 
on paths 722, 755 and 744, which respectively indicate 
headset detection, headset is either stereo headset type or 
cellular headset type, are stored in control register 140 for 
further processing by CPU 120 of Figure 1. 

[0097] It may be noted that the inserted headset in jack 240 is 

removed and another headset or same headset is inserted 
back, then detector circuit 130 detects the type of the 
headset inserted in Jack 240 without having to initialize 
(reboot, power-up, etc.) device 110. 

[0098] Once the type of headset is detected, it may be required 
to perform different operations depending on the type of 
headset inserted. For example, music/audio may need to 
be played in case the inserted headset is of stereo headset 
type and answer a phone call in case the inserted headset 



is of cellular headset type, etc. However, some of the op- 
erations may not be performed until button (324 /345) is 
pressed in case of inserted headset is detected to be of 
cellular headset 320 or stereo+cellular headset 340 type. 
The manner in which the pressing of the button (hereafter 
"button press") may be detected is described below. 
[0099] J 0. Button Press Detection 

[0100] The principle underlying the detection of button press can 
be understood by appreciating that the impedance be- 
tween a pair of connection points to which a button is 
connected is different with button press and without but- 
ton press in a headset. For example, impedance is high if 
button is not pressed since switch 324 or 345 (in Figures 
3B and 3C respectively) is open. The impedance is low if 
button is pressed since the switch is closed causing an 
impedance equaling the impedance of resistor 323 or 344 
between the connection points. The button is momentarily 
pressed and released to initiate or end a call. 

[0101] Thus, button press may be detected momentarily by mea- 
suring the impedance between a pair of the connection 
points of the Jack.example, the impedance is measured 
between g and m connection points of a jack since the 
button is connected between g and m connection points 



in each of cellular headset 320 and stereo+cellular head- 
set 340. The manner in which button press may be de- 
tected is described in further detail below. 
[0102] Comparator 725 generates on path 755 signals indicating 
whether button is pressed or not. It may be appreciated 
from the description above, that the same path 755 is also 
used to indicate whether the headset is stereo headset or 
not. The same path is conveniently being used for both 
the purposes since once the type of headset is detected, 
the type of headset detection may not be performed again 
until the headset is removed and (potentially a different 
one) inserted. 

[0103] Comparator 725 compares the voltage on node 728 with 
the voltage Vbias/8 received on path 713 and provides 
the comparison result on path 724. AND gate 745 pro- 
vides the inversion of the result 724 on path 755 as but- 
ton.det (indicating whether the button is pressed or not) 
when headset_detect is 1, as described below. 

[0104] If button is not pressed, then the resistance (in the range 
of 3.0kilo ohms) offered by the inserted headset between 
nodes 797 and 728 is only due to microphone. Due to the 
resistance of headset, the voltage at node 728 would ap- 
proximately equal Vbias/2. In such a situation, compara- 



tor 725 provides 1 on path 724 since the voltage on node 
728 is higher than Vbias/8 received on path 713. A 1 on 
path 724 causes a 0 on path 755, which indicates button 
is not pressed. 

[0105] If button is pressed, then the resistance offered by the in- 
serted headset between nodes 797 and 728 is due to the 
parallel combination of microphone (322 or 343) and re- 
sistor (323 or 344). In an embodiment, the resistance of 
each resistor 323 and 344 is small and is lOOohms. Due 
to the small resistance of resistors, the voltage at node 
728 would approximately equal Vgnd at node 797, which 
is much less than Vbias/8. As a result, comparator 725 
provides 0 on path 724, which causes a 1 on path 755, 
indicating that the button is pressed. 

[0106] From the above, it may be noted that detector circuit 130 
may detect the presence of headset, type of headset, and 
button press. It may be further noted that detector circuit 
130 may not require a mechanical switch, for example, to 
perform detection or to interface with an inserted headset. 
In addition, detector circuit 130 may consume less power 
to perform detection as described below. 

[0107] II Power Consumption Reduction 

[0108] According to an aspect of the present invention, power 



consumed by device 110 may be reduced in two scenarios 
-(1) wlien headset is not present in jacl< 240; and (2) when 
device 110 is in inactive states such as standby mode. The 
manner in which power consumption can be reduced is 
described below. 

[0109] When no headset is inserted into jacl< 240, it is generally 
not required to drive the components which generate au- 
dio signals. Thus, components which perform operations 
such as playing, may be powered down until a headset is 
inserted. An aspect of the present invention takes advan- 
tage of such a requirement to reduce power consumption 
as described below. 

[0110] Current may be provided only to the components that de- 
tect the presence of headset (if a headset is determined 
not to be already present), but not to other components. 
Such a result may be appreciated by observing that no 
path exists for current in detector circuit 130 if headset is 
not inserted since nodes 728 and 797, which are respec- 
tively connected to Vdd and Vss, are not connected. 

[0111] Even if comparator 725 is also connected to node 728, 
comparator 725 does not consume current since com- 
parators 725 and 730 are turned on by CPU 120 only 
when headset_detect on path 722 indicates the presence 



of headset. Therefore, only comparator 720 consumes 
power until a headset is inserted in a jack and the power 
consumed by comparator 720 is small. As a result, mini- 
mal power is consumed when headset is not present in 
jack 240. 

[0112] vvith respect to power consumption reduction in inactive 
state (such as standby mode) and waiting for button 
press, it is generally not required to drive the components 
which process a call. For example, when a user is driving, 
the user may not be able to initiate or end a call even if 
headset is inserted until the button is momentarily 
pressed and released. Thus, components which perform 
operations such as processing a call, may be powered 
down until button press is detected. 

[0113] Such a result may be achieved by noting that detector cir- 
cuit 130 detects button press as described above and the 
components (such as mic amplifier 780, speaker drivers 
760 and 765, and ground bias driver 775) that process a 
call are powered down until button press is detected. Due 
to such detection and powering down, the power con- 
sumed by device 110 may be reduced. Additional reduc- 
tion in power consumption may be attained as described 
below with reference to Figure 8. 



[0114] 12. Detect Pulse 

[0115] Figure 8 is a timing diagram of a detect pulse used to re- 
duce power consumption In an embodiment of the 
present Invention. The detect pulse may be provided on 
path 792 of Figure 7. The detect pulse Is used to reduce 
power consumption In some situations whether substan- 
tial power may otherwise consumed. For example, In case 
of detecting headset Insertion, detector circuit 130 may 
not consume substantial power since no direct path is 
present between Vdd and Vss until headset Is Inserted In 
jack 240. However, In case of headset removal and button 
press detection, headset is already present in jack 240, 
which forms a path and may thus cause substantial power 
consumption in various components of detector circuit 
130. 

[0116] Thus, in an embodiment, detect pulse on path 792 is ap- 
plied to detect headset removal and button press, but not 
In the case of detecting headset Insertion. As described 
above, detect pulse 810 is used to provide the bias volt- 
age (or current) when both micblas driver 770 and ground 
bias driver 775 are turned off to determine headset re- 
moval and button press. 

[0117] The voltage level of detect pulse (on a time scale) is rep- 



resented by line 810. Line 810 is shown containing low 
period pulse 820, which is shown repeated after a long 
duration at time point 815. Since only detect pulse pro- 
vided on path 792 is the source of power for detector cir- 
cuit 130, the total power consumed is determined by the 
period of detect pulse 820. By choosing a low period for 
detect pulse 820, the power consumption can accordingly 
be reduced. The reduction in power consumption may be 
quantified as described below. 

[0118] In an embodiment, the time duration of low period pulse 
820 would approximately equal ISOs and the time period 
of the detect pulse between time points 811 and 815 is 
500ct)s. The current that would flow through microphone 
322 (or 343) equals 3OO0A. The average current that 
would be consumed by microphone 322 (or 343) due to 
the use of detect pulse 792 is 9cDA (300*15/500 = 9). A 
local oscillator that generates detect pulse 792 consumes 
around 250A and various components in detector circuit 
130 consume around 10*A. 

[0119] Therefore, total power consumption to perform detection 
is around 440A only (=25 + 10+9). In contrast, without use 
of the detect pulse (and providing continuous bias volt- 
age), the power consumption could be 310 piA. Accord- 



ingly, power consumption is reduced according to an as- 
pect of the present invention. 

[0120] Thus, detector circuit 130 can be used to detect the pres- 
ence of headset, the headset type, etc., while consuming 
minimal power. However, the operation of various compo- 
nents (e.g., switches) of detector circuit 130 may need to 
be coordinated to attain such features. The manner in 
which CPU 120 may perform such coordination is de- 
scribed with reference to each feature. 

[0121] 13 Method of Detecting Headset Presence 

[0122] Figure 9 is a flowchart illustrating the manner in which the 
presence of a headset in a jack may be detected according 
to an aspect of the present invention. Steps 910-980 of 
the flowchart may be performed by CPU 120. The method 
begins in step 901, in which control immediately passes 
to step 910. 

[0123] In step 910, switch 790-2 may be opened, for example 
when device 110 is reset at the time of power on. In step 
920, switch 790-3 is closed to provide connection to Vss 
or ground. In step 930, a determination is made as to 
whether micbias driver 770 is turned on. As noted above, 
micbiad driver 770 provides the bias voltage to various 
components in detector circuit 130. If micbias driver 770 



is turned on, control passes to step 950, else control 
passes to step 940. 

[0^24] In step 940, switch 790-1 is closed to provide bias volt- 
age from Vdd since micbias driver 770 is not turned on. 
Control then passes to step 980. In step 950, switch 
790-1 is opened since micbias driver 770 provides the re- 
quired bias voltage. Control passes to step 980. 

[0125] In step 980, a determination is made as to whether head- 
set is present in a jack. As described above with reference 
to Figure 7, comparator 720 provides a logic value on 
path 722 indicating whether headset is present in a Jack 
or not. Control passes to step 990 if a headset is present, 
else control passes to step 920. 

[0^26] In step 990, detector circuit 130 sends an interrupt to CPU 
120 and sets bit representing headset_detection to 1 in 
control register 140. CPU 120 uses the status on head- 
set_detection and sends control signals to perform vari- 
ous operations accordingly. The method ends in step 999. 
The description is continued with reference to a method in 
which the type of headset may be detected. 

[0127] Method of Detecting Type of Headset 

[0128] Figure 10 is a flowchart illustrating a method in which the 
type of headset inserted in a jack may be detected ac- 



cording to an aspect of the present invention. All steps 
except steps 1050, 1080 and 1090 may be performed by 
CPU 120. The method begins in step 1001, in which con- 
trol immediately passes to step 1005. 

[0129] In step 1005, switch 790-3 is closed to provide connec- 
tion to Vss or ground. In step 1010, a determination is 
made as to whether micbias driver 770 is turned on to 
provide the bias voltage to various components in detec- 
tor circuit 130. If micbias driver 770 is turned on, control 
passes to step 1030, else control passes to step 1020. 

[0130] In step 1020, switch 790-1 is closed to provide bias volt- 
age from Vdd since micbias driver 770 is not turned on. 
Control then passes to step 1040. In step 1030, switch 
790-1 is opened since micbias driver 770 provides the re- 
quired bias voltage. Control again passes to step 1040. 
in step 1040, a determination is made as to whether 
headset is of stereo headset type. As described above with 
reference to Figure 7, comparator 725 and AND gate 745 
together provide a logic value on path 755 indicating 
whether headset is stereo headset or not. Control passes 
to step 1050 if headset is detected to be of stereo headset 
type, else control passes to step 1060. 

[0132] In step 1050, detector circuit 130 sets a bit in control 



register 140 to indicate tliat a stereo lieadset type lias 
been detected. CPU 120 uses tlie status on stereo.hs bit 
and sends control signals to perform various operations 
accordingly. In addition, detector circuit 130 opens switch 
790-1 to reduce power consumption. Control then passes 
to step 1099. 

[0133] In step 1060, switch 790-4 is closed to provide supply 

voltage to speakers in a headset to determine whether the 
headset is cellular or stereo+cellular headset. Control 
passes to step 1070, in which a determination is made as 
to whether inserted headset is of cellular headset type. 
Comparator 730 and AND gate 740 together provide a 
logic value on path 744 indicating whether headset is cel- 
lular headset or not. Control passes to step 1080 if a cel- 
lular headset type is detected, else control passes to step 
1090. 

[0134] In step 1080, detector circuit 130 sets a bit indicating cel- 
lular headset in control register 140 to 1. CPU 120 uses 
the status on celLhs bit and sends control signals to per- 
form various operations accordingly. In addition, detector 
circuit 130 opens switches 790-1 and 790-4 to reduce 
power consumption. Control passes to step 1099. 

[0135] In step 1090, detector circuit 130 sets a bit indicating 



stereo+cellular headset in control register 140 to 1. If 
headset is determined as not being of stereo headset type 
in step 1040 and as not cellular headset type in step 
1070, that indicates the headset is stereo+cellular head- 
set. CPU 120 uses the status information in control regis- 
ter 140 and sends control signals to perform various op- 
erations accordingly. In addition, detector circuit 130 
opens switches 790-1 and 790-4 to reduce power con- 
sumption. Control passes to step 1099, in which the 
method ends. The description is continued with reference 
to a method in which button press and headset removal 
may be detected if the headset contains a microphone. 

[0136] J 5_ Button Press Detection and Headset Removal Detection in case 
of a Headset with Microphone 

[0137] Figure 11 is a flowchart illustrating the manner in which 
the button press and headset removal may be detected 
according to an aspect of the present invention. As de- 
scribed above, button press may need to be detected in 
cellular headset and stereo+cellular headset, which con- 
tain microphone. Steps 1110-1175 may be performed by 
CPU 120. The method begins in step 1101, in which con- 
trol immediately passes to step 1110. 

[0138] In step 1110, a determination is made as to whether 



ground bias driver is turned on. As noted above, ground 
bias driver 775 provides tlie required ground bias voltage 
(for example, Vmid) to speakers in headset. If ground bias 
driver 775 is turned on, control passes to step 1130, else 
control passes to step 1140. 

[0139] In step 1130, micbias driver is switched on to provide the 
bias voltage to various components in detector circuit 
130. In addition, switches 790-3 and 790-2 are opened 
since micbias driver 770 and ground bias driver 775 pro- 
vide the bias voltage. Control passes to step 1160. 

[0140] In step 1140, a determination is made as to whether 

micbias driver is turned on. If both ground bias driver 775 
and micbias driver 770 are not turned on, control passes 
to step 1150, else control passes to step 1160. 

[0141] Steps 1150, 1155, 1175, 1180 and 1190 operate to de- 
termine button press and headset removal using the bias 
voltage provided by detect pulse received on path 792. 
Steps 1160, 1170, 1180 and 1190 operate to determine 
button press and headset removal using the bias voltage 
provided by micbias driver 770. Accordingly, button press 
detection and headset removal using the bias voltage 
from micbias driver is described first starting with step 
1160. 



[0^42] In step 1160, a determination is made as to wlietlier but- 
ton is pressed in tlie inserted lieadset. As described above 
with reference to Figure 7, comparator 725 and AND gate 
745 togetlier provide a logic value on path 755 indicating 
whether button is pressed or not. If button is pressed, 
button.det on path 755 is at logic high (1), else logic low 
(0). Control passes to step 1180 if button is pressed, else 
control passes to step 1170. 

[0143] In step 1180, detector circuit 130 sends an interrupt to 
CPU 120 indicating that the button is pressed. CPU 120 
performs operations (e.g., turning on/off micbias driver 
770, speaker driver 760) responsive to receiving the inter- 
rupt. Control passes to step 1110 to detect the end of a 
call if the call is already initiated or to detect initiation of 
next call if previous call is already ended. 

[0144] In step 1170, a determination is made as to whether a 
headset is present in the jack. Headset_detect on path 
722 indicates whether a headset is present or not. Control 
passes to step 1110 if headset is present in the Jack, else 
control passes to step 1190. 

[0145] In step 1190, detector circuit 130 sets bit in control regis- 
ter 140 and also sends an interrupt to CPU 120 indicating 
that the headset has been removed. Control passes to 



step 1199. Steps 1110 to 1180 (all steps except 1190) are 
repeated until headset is removed. The description is con- 
tinued with reference to button press and headset removal 
detection using the bias voltage provided by detect pulse. 

[0146] In step 1150, switches 790-2 and 790-3 are closed to 

connect the detect pulse, which provides the required bias 
voltage to various components in detector circuit 130. 
Control passes to step 1155, in which a determination is 
made at the end of detect pulse (for example, at time 
point 812 of Figure 8) as to whether button is pressed. 
Control passes to step 1180, if button is pressed, else 
control passes to step 1175. 

[0147] In step 1175, a determination is made at the end of detect 
pulse as to whether headset is present in jack 240. Con- 
trol passes to step 1110 if headset is present, else control 
passes to step 1190. Steps 1110 to 1180 (all steps except 
1190) are repeated until headset is removed. The descrip- 
tion is continued with reference to a method in which 
headset removal may be detected if the inserted headset 
is of stereo headset type. 

[01 48] I Q_ Method of Headset Removal Detection in case of a Stereo Head- 
set 

[0149] Figure 12 is a flowchart illustrating the manner in which 



headset removal may be detected in case the inserted 
headset is of a stereo headset type according to an aspect 
of the present invention. Steps 1210-1280 may be per- 
formed by CPU 120. The method begins in step 1201, in 
which control immediately passes to step 1210. 

[0150] In step 1210, a determination is made as to whether 
ground bias driver 775 is turned on. As noted above, 
ground bias driver 775 provides the required ground bias 
voltage (for example, Vmid) to speakers in headset. If 
ground bias driver 775 is turned on, control passes to 
step 1230, else control passes to step 1240. 

[0151] Broadly, steps 1240 and 1250 operate to determine 

whether a headset is removed (absent in Jack) using the 
bias voltage provided by detect pulse received on path 
792. Steps 1230 and 1280 operate to determine whether 
a headset is removed ("headset removal") using the bias 
voltage provided by micbias driver 770. Accordingly, 
headset removal detection using the bias voltage from 
micbias driver is described first starting with step 1230. 

[0^52] In step 1230, micbias driver 770 is switched on to provide 
the bias voltage to various components in detector circuit 
130. In addition, switches 790-3 and 790-2 are opened 
since micbias driver and ground bias driver provides the 



bias voltage. Control passes to step 1280. 

[0153] In step 1280, a determination is made as to whether a 
headset is present in jack 240. Headset_detect on path 
722 indicates whether headset is present in the jack. Con- 
trol passes to step 1210 if headset is present in the jack, 
else control passes to step 1290. Steps 1210 to 1280 are 
repeated until headset is removed. 

[0154] In step 1290, detector circuit 130 sets a bit in control 

register 140 and sends an interrupt to CPU 120 indicating 
that the headset is removed. Control passes to step 1299, 
in which the method ends. The description is continued 
with reference to headset removal detection using the bias 
voltage provided by detect pulse. 

[0155] In step 1240, switches 790-2 and 790-3 are closed to 
connect detect pulse to detector circuit 130, which pro- 
vides the required bias voltage to various components in 
detector circuit 130. Control passes to step 1250, in 
which a determination is made as to whether the headset 
is present in the jack at the end of detect pulse. Control 
passes to step 1290 if the headset is not present, else 
control passes to step 1210. Steps 1210 to 1290 are re- 
peated until the headset is removed. 

[0156] From the above, it may be noted that detector circuit with 



cap less interface may detect headset insertion/removal, 
type of headset and button press. The description is con- 
tinued with reference to a detector circuit with cap inter- 
face. 

[0 1 57] 1 7 Detector Circuit with Cap Interface 

[0158] Figure 13 is a circuit diagram illustrating the details of 

detector circuit 130 with cap- interface 500 in an embod- 
iment of the present invention. Merely for illustration, all 
headsets 310, 320 and 340 are shown connected, how- 
ever, only one of headsets 310, 320 and 340 is connected 
at any instant of time. Detector circuit 130 is shown con- 
taining resistors 1310-1 through 1310-4 and 1386, com- 
parators 1320, 1325 and 1330, AND gates 1340 and 
1345, speaker drivers 1360 and 1365, micbias driver 
1370, mic amplifier 1380, capacitor 1385, and switches 
1390-1, 1390-2 and 1390-4. 

[0159] Resistors 1310-1 through 1310-4 and 1386, comparators 
1320, 1325 and 1330, AND gates 1340 and 1345, 
speaker drivers 1360 and 1365, micbias driver 1370, mic 
amplifier 1380, capacitor 1385, and switches 1390-1, 
1390-2 and 1390-4 operate similar to resistors 710-1 
through 710-4 and 786, comparators 720, 725 and 730, 
AND gates 740 and 745, speaker drivers 760 and 765, 



micbias driver 770, mic amplifier 780, capacitor 785, and 
switches 790-1, 790-2 and 790-4 of Figure 7 respec- 
tively, and the description is not repeated here for con- 
ciseness. The signals on paths 1379, 1312, 1313, 1322, 
1344 and 1355 indicate similar signals on paths 779, 
712, 713, 722, 744 and 755 of Figure 7 respectively. The 
differences of Figure 13 from Figure 7 are briefly de- 
scribed below. 

[0160] Detector circuit 130 of Figure 13 does not contain ground 
bias driver since ground terminal of speakers in cap inter- 
face 500 is connected to ground. Thus, switch similar to 
switch 790-3 of Figure 7, which connects to Vss/ground 
is not required in Figure 13. Detector circuit 130 of Figure 
13 may also be operated to detect insertion of headset, 
type of headset, removal of headset and button press in 
headset. The corresponding differences/extensions will be 
apparent to one skilled in relevant arts by reading the dis- 
closure provided herein. 

[0161] Conclusion 

[0162] While various embodiments of the present invention have 
been described above, it should be understood that they 
have been presented byway of example only, and not 
limitation. Thus, the breadth and scope of the present in- 



vention should not be limited by any of the above de- 
scribed exemplary embodiments, but should be defined 
only in accordance with the following claims and their 
equivalents. 



